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ABSTRACT
We have carried out 12CO (J=1–0 and 2–1), 13CO (J=1–0), and C18O (J=1–0) observations in the
direction of the supernova remnant (SNR) G22.7−0.2. A filamentary molecular gas structure, which
is likely part of a larger molecular complex with VLSR ∼75–79 km s
−1, is detected and is found to
surround the southern boundary of the remnant. In particular, the high-velocity wing (77–110 km s−1)
in the 12CO (J=1–0 and J=2–1) emission shows convincing evidence of the interaction between SNR
G22.7−0.2 and the 75–79 km s−1 molecular clouds (MCs). Spectra with redshifted profiles, a signature
of shocked molecular gas, are seen in the southeastern boundary of the remnant. The association
between the remnant and the 77 km s−1 MCs places the remnant at the near distance of 4.4±0.4 kpc,
which agrees with a location on the Scutum–Crux arm. We suggest that SNR G22.7−0.2, SNR W41,
and H ii region G022.760-0.485 are at the same distance and are associated with GMC G23.0−0.4.
Subject headings: ISM: individual (G22.7−0.2) – ISM: molecules – supernova remnants
1. INTRODUCTION
Massive stars form from molecular clouds (MCs) and
they interact with their ambient interstellar medium
(ISM). Mass and energy deposition from the massive
stars into the surrounding ISM occurs via strong ultravi-
olet radiation, powerful stellar winds, and finally, violent
supernova explosions. When these blast waves hit the
nearby MCs, the shocks will compress, heat, accelerate,
and even dissociate the molecular gas, which leads to a
wide variety of observable effects. The interplay between
the shock and the molecular gas may trigger star forma-
tion in the nearby giant molecular cloud (GMC). A shock
interaction with MCs can also generate γ-rays as a result
of a neutral pion decay after a p-p collision (hadronic
interaction), which may exhibit observable very high en-
ergy (VHE) emissions. In all of the study field, the molec-
ular emission is a useful tool to investigate the nature of
shock–MC interactions (see a recently view in Chen et al.
2014).
Supernova remnant (SNR) G22.7−0.2, with a diam-
eter of 26′, is listed in the catalog of Green (1991).
The remnant is located in a complex field with multi-
ple H ii regions and an adjacent SNR G23.3−0.3 (W41)
(see Figures 11 and 12 in Messineo et al. 2010) that has
been studied less. SNR G22.7−0.2 shows a faint shell
structure in the radio emission and it displays a concave
structure on the southern part of the shell. There are
numerous mid-infrared filaments evident at 5.8–8µm in
coincidence with the radio shell of the remnant, which
was suspected as a possible region of SNR–MC interac-
tion (Reach et al. 2006). Helfand et al. (2006) identified
the G22.7−0.2’s southern object G22.7583−0.4917 as a
SNR candidate with 5.′0 diameter, while Thompson et al.
(2006) suggested that G22.76−0.49 is probably an H ii
region. Including the H ii regions or SNR candidates in
the field of view (FOV) of SNR G22.7−0.2 (Helfand et al.
2006; Anderson et al. 2014), a VHE source, HESS J1832–
093, is lying on the western edge of SNR G22.7−0.2, but
its origin remains undetermined (Laffon et al. 2013).
The study of SNR G22.7−0.2 is motivated by the
possible relationship between the multiple objects and
the remnant in the complex region. We performed new
millimeter CO (J=1–0) observations (covering about 1
deg2) toward the remnant to investigate the overall MC
distribution surrounding the complex region. Very wide
77–110 km s−1 line broadenings are seen in the spectra of
12CO (J=1–0 and J=2–1) in the southeastern boundary
of the remnant; this represents evidence for shock–MC
interactions. We suggest that the VLSR ∼75–79 km s
−1
MCs are physically associated with the remnant because
of the spatial and kinematic features. We also explore
the relationship between the SNR G22.7−0.2 and the
overlapping H ii regions.
The paper is structured as follows. In Section 2, we
show the CO observations and the data reduction. In
Sections 3 and 4, we describe the main results and the
physical discussion, respectively. A brief summary is
given in Section 5.
2. OBSERVATIONS AND DATA REDUCTION
The observations toward SNR G22.7−0.2 were
made simultaneously in the 12CO (J=1–0) line (at
115.271 GHz), the 13CO (J=1–0) line (110.201 GHz),
and the C18O (J=1–0) line (109.782 GHz) during 2013
March and April using the 13.7 m millimeter-wavelength
telescope of the Purple Mountain Observatory at Del-
ingha in China. It is a part of the Milky Way Imag-
ing Scroll Painting (MWISP) project for investigat-
ing the nature of the molecular gas along the north-
ern Galactic Plane. We used a new 3×3 pixel Super-
conducting Spectroscopic Array Receiver as the front
end, which was made with Superconductor–Insulator–
Superconductor (SIS) mixers using the sideband sepa-
2Fig. 1.— 12CO (J=1–0; blue), 13CO (J=1–0; green), and C18O
(J=1–0; red) intensity maps in the 71–86 km s−1 interval with a
linear scale of SNR G22.7−0.2 overlaid with the VGPS 1.4 GHz
radio continuum emission contours. The black box indicates the
region from which the spectra of the shocked gas are extracted
(see Figure 3). The red rectangle and the yellow rectangle show
the region of GMC G23.0−0.4W and GMC G22.6−0.2, respec-
tively. The red circle shows the location of HESS J1832–093
(Laffon et al. 2013). SNR W41 (G23.3−0.3) is located to the left
of SNR G22.7−0.2.
rating scheme (Shan et al. 2012; Zuo et al. 2011). An
instantaneous bandwidth of 1 GHz was used as the back
end. Each spectrometer provided 16,384 channels, re-
sulting in a spectral resolution of 61 kHz, equivalent to
a velocity resolution of about 0.16 km s−1 for 12CO and
0.17 km s−1 for 13CO and C18O. The half-power beam
width (HPBW) of the telescope was about 50′′, and the
pointing accuracy of the telescope was greater than 4′′ in
the observing epoch. We used the on-the-fly observing
technique to map the 0.◦9×0.◦9 area centered at (l=22.◦75,
b=−0.◦25) with a scan speed of 50′′ s−1 and a step of 15′′
along the Galactic longitude and latitude. The mean
rms noise level of the brightness temperature (TR) was
about 0.5 K for 12CO and 0.3 K for 13CO and C18O.
All of the CO data used in this study are expressed in
brightness temperature. Here we adopt the main beam
efficiency ηmb = 0.44 for
12CO and 0.48 for 13CO and
C18O (TR = TA/(fb× ηmb), assuming a beam filling fac-
tor of fb ∼ 1).
We also used the 12CO (J=2–1) line (at 230.538 GHz),
which was observed during 2010 January and February
using the 3 m submillimeter telescope at the Ko¨lner
Observatory for Submillimeter Astronomy (KOSMA)
in Switzerland. An SIS receiver and a medium-
resolution acoustic–optical spectrometer (AOS) spec-
trometer were used. The map of 0.33 deg2 was cen-
tered at (18h33m19s,−09◦10′42′′) with a grid spacing of
1′. The HPBW of the telescope was 130′′ and the main
beam efficiency was about 0.54 during our observation.
Fig. 2.— Intensity-weighted mean velocity (first moment) map
of the 13CO (J=1–0) emission on the interval of 70–81 km s−1 of
SNR G22.7−0.2 overlaid with the VGPS 1.4 GHz radio continuum
emission contours. The color scheme is adjusted to highlight the
velocity range of 75–79 km s−1.
The AOS bandwidth and velocity resolution were about
300 MHz and 0.2 km s−1, respectively.
All of the CO data were reduced using the
GILDAS/CLASS package developed by IRAM1. Finally,
the baseline-corrected spectra of CO (J=1–0) were con-
verted to three-dimensional cube data with a grid spacing
of 30′′ and a velocity channel separation of 0.5 km s−1 for
subsequent analysis. The spectra of CO (J=2–1) were
converted to 1′ × 1′ × 0.5 km s−1 cube data.
The VLA Galactic Plane Survey (VGPS, Stil et al.
2006) radio continuum emissions were also used for com-
parison.
3. RESULTS
3.1. MC Distribution Toward SNR G22.7−0.2
In the FOV of SNR G22.7−0.2, the 12CO (J=1–0) is
in a broad velocity range between 0 and 130 km s−1,
characterized by multiple peaks because the remnant is
near the inner Galaxy. After checking the CO emission
intensity maps channel by channel, we found a morpho-
logical correlation between the 71–86 km s−1 MCs and
SNR G22.7−0.2.
The 71–86 km s−1 MCs were also called the molec-
ular cloud complex [23,78] based on 1.2m CO survey
(Dame et al. 1986). On the other hand, Messineo et al.
(2014) identified this GMC as G23.3−0.3 at a distance
of 4–5 kpc (Albert et al. 2006). Based on our new CO
observations (see Section 2), we identified the molecular
cloud complex as GMC G23.0−0.4 (VLSR ∼77 km s
−1).
The GMC G23.0−0.4 centered at (l=23.◦0,b=−0.◦4) cov-
ers about 1.◦1×0.◦4 area in 13CO emission and it generally
shows the filamentary structure.
Figure 1 shows a portion of GMC G23.0−0.4 that cov-
1 http://www.iram.fr/IRAMFR/GILDAS
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TABLE 1
Properties of GMCS
GMC Tex(CO)
(K)
τ(13CO) Size
(′×′)
VLSR(peak)
(km s−1)
Column Densitya
(1022cm−2)
Massa,b
(105M⊙)
Densitya,b,c
(cm−3)
G22.6−0.2 18 0.27 14×10 76.4 2.7/2.3 1.4d2
4.4
/1.2d2
4.4
680d−1
4.4
/580d−1
4.4
G23.0−0.4W 23 0.12 40×22 76.6 2.6/1.9 8.2d2
4.4
/5.7d2
4.4
330d−1
4.4
/240d−1
4.4
Note. — a See text for the two methods (LTE/X-factor) used for the calculation. b Parameter d4.4 is the distance to the cloud in
units of 4.4 kpc. c Assuming a depth of 10′ for GMC G22.6−0.2 and 20′ for GMC G23.0−0.4W along the line of sight.
Fig. 3.— 12CO(J=1–0; black), 13CO(J=1–0; blue, multiplied by
a factor of three), C18O (J=1–0; green, multiplied by a factor of
six), and 12CO(J=2–1; red) spectra of the shocked gas extracted
from the region indicated in Figure 1 (black box).
ers the SNR G22.7−0.2. The composite image displays
the intensity map of the CO lines integrated in the 71–
86 km s−1 interval (12CO J=1–0 in blue, 13CO J=1–0
in green, and C18O J=1–0 in red). The brightest por-
tions of the three lines are found in the region of the
west part of the GMC G23.0−0.4 (about 1.◦1×0.◦4 in size)
and GMC G22.6−0.2 (about 0.◦3×0.◦2 in size). Here-
after, we regard the west part of GMC G23.0−0.4 as
G23.0−0.4W. In GMC G23.0−0.4W (Figure 1), the CO
emission shows a filamentary structure that nicely sur-
rounds and folds the southern region of SNR G22.7−0.2.
The GMC G22.6−0.2 is located in the west of the rem-
nant (see the yellow rectangle in Figure 1) along with
HESS J1832-093 (see the red circle in Figure 1). Sev-
eral relatively faint filamentary structures are also seen
around the northern part of the remnant. To investi-
gate the detailed structures of the MCs in the vicinity of
SNR G22.7−0.2, we made an intensity-weighted velocity
(the first moment) map of 13CO emission in the veloc-
ity range of 70–81 km s−1 (see Figure 2). In Figure 2,
we can see the same filamentary structure in the GMC
G23.0−0.4W. The filament surrounds SNR G22.7−0.2
and has a velocity of ∼76–78 km s−1. In the northern
border, the higher velocity (VLSR ∼79 km s
−1) of the
molecular gas inherent to the SNR could be contami-
nated by other clouds at 80–90 km s−1. Similar high ve-
locity gas is visible roughly in the top panel of Figure 11
of Messineo et al. (2014). The 13CO (J=1–0) velocity
coded image of SNR G22.7−0.2 generally seems to show
a cavity structure.
We show the physical properties of the GMCs
G23.0−0.4W and G22.6−0.2 in Table 1. Here two meth-
ods have been used in the derivation of the column den-
Fig. 4.— Top: the 12CO (J=1–0) intensity map in the 86–
99 km s−1 interval displayed the linear scale and overlaid with
the VGPS 1.4 GHz radio continuum emission contours. The red
arrows show the direction of the PV diagrams (see Figure 5). Bot-
tom: 12CO (J=2–1) intensity maps in the 86–99 km s−1 interval.
sities and the masses of the GMCs. In the first method,
on the assumption of local thermodynamic equilibrium
(LTE) and the 12CO (J=1–0) line being optically thick,
we can derive the excitation temperature from the peak
radiation temperature of the 12CO (J=1–0). The 13CO
(J=1–0) emission is optically thin and the 13CO col-
umn density is converted to the H2 column density using
N(H2)/N(
13CO) ≈ 7 × 105 (Frerking et al. 1982). In
the second method, the H2 column density is estimated
by adopting the mean CO-to-H2 mass conversion factor
1.8 × 1020 cm−2K−1km−1s (Dame et al. 2001). In the
estimate of the mass of the GMCs, a mean molecular
weight per H2 molecule of 2.76 has been adopted. The
distance of the GMCs was adopted as 4.4 kpc (see Sec-
tion 4.1).
We found that the derived physical parameters of the
LTE method are similar to that of the X-factor method
(Table 1). On the other hand, the mean optical depth
of the 13CO (J=1–0) emission of GMC G23.0−0.4W is
a half of that of GMC G22.6−0.2.
4Fig. 5.— PV diagrams of the 12CO (J=1–0) and 13CO (J=1–0) emission toward the shocked gas. The position is measured along the
long arrow ((l=22.◦990, b=−0.◦360) to (l=22.◦590, b=−0.◦590), upper panels) and the short arrow ((l=22.◦942, b=−0.◦583) to (l=22.◦742,
b=−0.◦350), lower panels) with a width of 1.′5 (see Figure 4). The red lines in the upper panels mark the spatial region of H ii region
G22.76−0.485 (ID 06 in Table 3).
3.2. Shocked Molecular Gas in the Remnant
To search for the kinematic evidence for the interac-
tion between SNR G22.7−0.2 and the ambient MCs, we
analyzed the spectra of the 12CO (J=1–0 and J=2–1)
emission of the remnant in detail. The spectra of the
13CO (J=1–0) were also used for comparison, consider-
ing that the 13CO line is more optically thin than the
12CO lines and thus can be used to show the relatively
undisturbed component. We found the clear line broad-
ening structure of the 12CO emission in the southeastern
region of the remnant, which extends from the peak ve-
locity of ∼77 km s−1 to ∼110 km s−1. The redshifted
profile indicates that the molecular gas of the 77 km s−1
MC is mainly located behind the expanding SNR. The
spectra are shown in Figure 3 and the spectral extrac-
tion region is indicated by the black box in Figure 1.
The 12CO (J=1–0 and J=2–1) line broadenings pro-
vide kinematic evidence for the interaction between SNR
G22.7−0.2 and the ambient molecular gas with a system
velocity of ∼77 km s−1. Figure 4 displays the intensity
maps of the shocked gas in the 86–99 km s−1 interval.
The distribution of the shocked gas seems to extend along
the southeastern radio border of SNR G22.7−0.2.
We did not find the broadening profile of the 12CO
emission in the region of GMC G22.6−0.2, although it
has a similar velocity to that of the southern cloud in
GMC G23.0-0.4W and it is projectively located inside
the remnant. There may be two possible reasons to ex-
plain this. First, the GMC G22.6−0.2 is not actually in
physical contact with SNR G22.7-0.2, but is instead in
the foreground or background of the remnant. Second,
the SNR’s shock is interacting with the molecular gas of
the GMC G22.6−0.2. In this case, the broadened lines
are probably contaminated by other velocity components
between 70 km s−1 and 90 km s−1. This limited our in-
vestigation for the SNR–MC interaction in CO emission.
Other observations are needed to clarify the issue.
Figure 5 shows the position–velocity (PV) diagrams of
the shocked gas along and perpendicular to the south-
eastern radio boundary of SNR G22.7−0.2 (see the red
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Fig. 6.— Intensity-weighted mean velocity dispersion (second
moment) map of the 13CO (J=1–0) emission in the interval of
70–81 km s−1 of the molecular gas in GMC G23.0−0.4W, over-
laid with the VGPS 1.4 GHz radio continuum emission contours.
The color scheme is adjusted to highlight the enhancement of the
velocity dispersion. The red arrow indicates the direction of the
PV diagrams (see Figure 7) and the blue dotted line indicates the
concave structure. The character “C” indicates the location of the
stellar cluster GLIMPSE9 (Messineo et al. 2010).
arrows in Figure 4). We can discern the quiescent com-
ponent in the 70–81 km s−1 interval (see the 13CO PV
diagrams in the right panels) and the shocked component
in the 83–106 km s−1 interval (see the 12CO PV diagrams
in the left panels). The highest velocity of the shocked
gas as revealed by the 12CO PV diagrams is extended to
∼110 km s−1, indicative of ∼30 km s−1 shock velocity at
least. The value of the broadening velocity is compara-
ble to that of SNR W44 (>25 km s−1; Seta et al. 2004)
and SNR IC 443 (10–100 km s−1; Snell et al. 2005). On
the other hand, the value of the broadening velocity of
SNR G22.7−0.2 is larger than that found in other SNR–
MC interaction systems (several kilometers per second
for SNR Kes 75 and SNR 3C 396; Su et al. 2009, 2011).
We also made an intensity-weighted velocity disper-
sion (the second moment) map of the 13CO emission in
the velocity range of 70–81 km s−1 toward the molecular
gas in GMC G23.0−0.4W (see Figure 6). This roughly
shows the velocity dispersion in the given velocity range
of 70–81 km s−1: the higher the velocity dispersion, the
greater the range of velocities. Some interesting struc-
tures are found to be located in the south of the remnant.
In Figure 6, a filamentary structure (the red arrow) and a
concave structure (the blue dotted line) seem to be asso-
ciated with the remnant. The arrow is roughly located at
the inner border of the SNR shell as seen in Figures 1 and
2. The 12CO PV diagram of the filament also shows the
line broadening structure (see the 84–90 km s−1 emission
in the left panel of Figure 7 ) compared to the 13CO PV
diagram (right panel of Figure 7), which is likely due to
the shock–MC interaction in the region. We will discuss
the possible origin of the concave structure in Section
4.2.
The CO component in the velocity of ∼60–70 km s−1
limited the investigation for the blueshifted wing of the
shocked gas. However, the enhancement of the 12CO
(J=2–1) in the interval of 68–74 km s−1 probably in-
dicates the shock–MC interaction (see Figure 3). More
observations are needed to clarify the characteristics of
the shocked gas in the region.
Weak 13CO (J=1–0) emission has been detected from
the high-velocity wings in the region of the shocked gas
(see Figures 3 and 5), which probably indicates that the
12CO (J=1–0) line wings are not optically thin. Coin-
cidentally, SNR IC 443, another SNR–MC system, also
displays very weak wings of the 13CO (J=1–0) line in
the velocity interval of −50 to −10 km s−1 toward the
shocked gas of the clump B (see Figure 15 in Zhang et al.
2010). It shows that the 12CO emission of the broaden-
ing for shocked gas probably has a median optical depth
for some cases.
If the excitation temperatures and the beam fill-
ing factors of the 12CO (J=1–0) and 13CO (J=1–
0) lines are equal, the average optical depth of the
shocked gas can be estimated from the ratio of the
integrated intensity over the high-velocity emission for
12CO/13CO (Snell et al. 1984). The integrated inten-
sity ratio value is about 20.9 for a 5′ × 5′ shocked re-
gion centered at (l=22.◦833,b=−0.◦467). Assuming the
optical depth of 13CO (J=1–0) emission τ(13) ≪1
in the line wing and the isotopic ratio 12C/13C=
τ(12)/τ(13)=41 (Milam et al. 2005), we get the opti-
cal depth of τ(12) ∼1.6 for the shocked high velocity
12CO (J=1–0) gas. We note that the optical depth esti-
mated for the shocked gas is close to that of the stellar
cluster GLIMPSE9 in KS band (Messineo et al. 2010).
The column density of the shocked gas in the inter-
val of 83–106 km s−1 (Figure 5) can be estimated as
2.4×1021 cm−2. The mean density of the shocked gas is
about 120d−14.4 cm
−3 assuming the depth of 5′ along the
line of sight, where d4.4 = d/(4.4 kpc) is the distance
scaled with 4.4 kpc (see Section 4.1). In the above cal-
culation, a uniform excitation temperature (Tex=23 K,
Table 1) and a conversion factor N(H2)/N(
12CO) ≈
1 × 104 (Herbst & Leung 1989) are assumed. There-
fore, the mass, momentum, and energy of the high ve-
locity shocked gas are estimated to be 2.2d24.4×10
3M⊙,
3.3d24.4×10
4M⊙ km s
−1, and 5.0d24.4×10
48 erg, respec-
tively. These values should be regarded as lower limits
since it is very likely that the excitation temperature is
Tex(CO wing)≥23 K at the shock-heated region and that
the optical depth of 12CO (J=1–0) emission is τ(12) ≥1.6
for the region of the high column density. Additionally,
the low-velocity component of the shocked gas is not ac-
counted for because of the contamination of the line cen-
ter emission.
4. DISCUSSION
4.1. Association of SNR G22.7−0.2 with the 77 km s−1
MCs and the Distance to the Remnant
In Section 3, we showed spatial and kinematic evi-
dence for the association between SNR G22.7−0.2 and
the VLSR ∼77 km s
−1 MCs. First, the molecular gas in
GMC G23.0−0.4W at a radial velocity of 71–86 km s−1
is found to surround the southern radio shell of the rem-
nant (Figures 1 and 2). The map of the 13CO velocity
distribution seems to display a cavity structure in which
SNR G22.7−0.2 is embedded (Figure 2). Second, the
83–110 km s−1 red wing of the 12CO (J=1–0 and J=2–
1) emission is found in a region of GMC G23.0−0.4W
(l=22.◦833, b=−0.◦467), providing convincing kinematic
evidence for the SNR–MC interaction (Figures 3 and 5).
6Fig. 7.— PV diagrams of the 12CO (J=1–0) and 13CO (J=1–0) emission along the molecular gas slice, which is located along the
southeastern bright radio shell of the remnant. The position is measured along the arrow ((l=22.◦910, b=−0.◦340) to (l=22.◦640, b=−0.◦520),
see Figure 6) with a width of 1.′5. The red lines mark the spatial region of H ii region G22.76−0.485 (ID 06 in Table 3).
TABLE 2
Dust-Continuum-Identified MC Clumps toward SNR
G22.7−0.2
ID l
(deg)
b
(deg)
VLSR
a
(km s−1)
Distancea
(kpc)
a 22.474 −0.223 75.9 4.70+0.36
−0.36
b 22.494 −0.207 75.8 4.58+0.26
−0.28
c 22.504 −0.197 76.8 4.64+0.28
−0.32
d 22.534 −0.193 75.6 4.66+0.32
−0.34
e 22.694 −0.454 77.9 4.70+0.26
−0.30
f 22.836 −0.418 73.4 4.50+0.30
−0.34
g 22.870 −0.408 75.4 4.54+0.34
−0.34
h 22.878 −0.434 76.8 4.44+0.30
−0.30
i 22.906 −0.466 76.8 4.60+0.32
−0.34
Note. — a See Section 3 and Table 3 in
Ellsworth-Bowers et al. (2013).
The 12CO PV diagram of a filament along the south-
eastern radio shell ((l=22.◦850, b=−0.◦384), see the red
arrow in Figure 6) also displays the broadening struc-
ture, which further supports the interaction between the
remnant and the 77 km s−1 MCs (the left panel in Fig-
ure 7).
The association of SNR G22.7−0.2 with the MCs at
the systemic velocity, ∼77 km s−1, enables us to place
the SNR at a near kinematic distance of 4.4±0.4 kpc by
using the Galactic rotation curve model of Reid et al.
(2014). We also exclude the far distance of the
77 km s−1 MCs based on the H i self-absorption method
(Roman-Duval et al. 2009). The 4.4±0.4 kpc kinematic
distance with a system velocity of ∼77 km s−1, roughly
places the remnant at the near side of the Scutum–
Crux arm (see the distance of the Galactic arm in
Taylor & Cordes 1993; Sewilo et al. 2004). It is also
consistent with the distance of the dense clumps in the
GMC with velocity of ∼77 km s−1 (Table 2), which is es-
timated for dust-continuum-identified MC clumps from
the Bolocam Galactic Plane Survey in the inner Galaxy
(Ellsworth-Bowers et al. 2013). These MC clumps are
probably the cradle of massive star formation in the
GMC with a velocity of ∼77 km s−1. We note that
the distance of SNR G22.7−0.2 is close to that of the
nearby SNR W41 (see the radio contours in the east of
Figure 1). Leahy & Tian (2008) estimated the kinematic
distance of 3.9–4.5 kpc for SNR W41 based on the H i
and 13CO data. Recently, Frail et al. (2013) report on
the discovery of 1720 MHz OH line emission of the ra-
dio continuum of SNR W41 with the radial velocity of
74 km s−1, which is strong evidence for a SNR–MC inter-
action system. The radial velocity of the OH emission co-
incides with the system velocity of the east part of GMC
G23.0−0.4, indicative of the interaction between SNR
W41 and the GMC. Moreover, the east part of GMC
G23.0−0.4 with VLSR ∼77 km s
−1 extends toward SNR
W41 and it covers the projected area of the remnant. The
east part of GMC G23.0−0.4 is probably partly responsi-
ble for the bright VHE emission of HESS J1834−087 (see
Section 4.3). Since SNRs G22.7−0.2 and W41 are both
interacting with the GMC G23.0−0.4, the two SNRs are
at a similar distance.
The radius of SNR G22.7−0.2 is about 18d4.4 pc and no
extended X-ray emission has been detected up to now.
Assuming the ∼100 km s−1 expansion velocity of the
shock in the radiative phase, the age of SNR G22.7−0.2
is about several tens of thousands of years. Adopting
the SNR’s radius of ∼14′, the solid angle of the shocked
gas is about 0.1 sr in the southeastern boundary of the
remnant. Thus we estimated the kinetic energy of the
remnant to be at least ∼6.3d24.4×10
50 erg, which is con-
sistent with the typical kinetic energy release of 1051 erg
for a SNR.
4.2. Relationship Between the SNR and the Overlapping
Star-forming Regions
There are multiple H ii regions in the FOV of SNR
G22.7−0.2. We list the physical parameters of these
H ii regions in Table 3. Most of the H ii regions
seem to be associated with the 70–81 km s−1 MCs,
e.g., GMC G23.0−0.4W (see Figure 8). The H ii
region G022.760−0.485 with a systemic velocity of
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TABLE 3
Overlapping H ii regions toward SNR G22.7−0.2
ID Name l
(deg)
b
(deg)
Radius
(arcmin)
VLSR
(km s−1)
Ref.a
01 G022.398+0.083 22.398 +0.083 · · · 87.8 3
02 G022.724−0.010 22.724 −0.010 0.7 38.9 1,2
03 G022.730−0.239 22.730 −0.239 1.0 71.1/113.7 1,2
04 G022.739−0.303 22.739 −0.303 · · · 69.3/112.1 1
05 G022.755−0.246 22.755 −0.246 1.2 70.2/106.7 1,2
06b G022.760−0.485 22.760 −0.485 2.6 74.8 2,3,5
07 G022.780−0.383 22.780 −0.383 1.7 70.0 1,2
08 G022.935−0.072 22.935 −0.072 · · · 71.2 4
09 G022.947−0.315 22.947 −0.315 0.7 70.9 2,3
10c G022.982−0.356 22.982 −0.356 2.5 74.1 2,3
11 G022.986−0.149 22.986 −0.149 1.9 76.6/100.2 1,2
12 G023.029−0.405 23.029 −0.405 2.5 76.0 1
13 G023.067−0.367 23.067 −0.367 · · · 82.7 3
14 G023.072−0.248 23.072 −0.248 · · · 89.6 3
Note. — a (1) Anderson et al. 2011; (2) Anderson et al. 2014; (3) Lockman 1989;
(4) Lockman et al. 1996; (5) Thompson et al. 2006. b The source is a SNR candidate
(G022.7583−0.4917) based on the Multi-Array Galactic Plane Imaging Survey (Helfand et al.
2006). c The source is a SNR candidate (G022.9917−0.3583) based on the Multi-Array Galac-
tic Plane Imaging Survey (Helfand et al. 2006).
74.8 km s−1 (ID 6 in Table 3) is located in the
south of SNR G22.7−0.2, in which the radio emis-
sion of the remnant shows a concave structure. A
spectrophotometric distance of 4.2±0.4 kpc was de-
rived for the cluster GLIMPSE9 (l=22.◦756, b=−0.◦400)
(Messineo et al. 2010) and of ∼4.6 kpc for molecular
complex (Messineo et al. 2014). The cluster is located
in the concave structure (see the character “C” in Fig-
ure 6). Brunthaler et al. (2009) measured the distance
of 4.59+0.38
−0.33 kpc based on the trigonometric parallax for
the massive star-forming region G23.01−0.41, which is
near the H ii region G023.029−0.405 (ID 12 in Table 3,
VLSR ∼76 km s
−1). Ellsworth-Bowers et al. (2013) pre-
sented a new distance estimation for dust-continuum-
identified MC clumps, nine of which are probably as-
sociated with the 77 km s−1 GMCs (Table 2, Figure 8).
Therefore, these objects are likely associated with the
GMC with velocity ∼77 km s−1 because of the system-
atic velocity coincidence.
As mentioned in Sections 3.2 and 4.1, we show that
SNR G22.7−0.2 is interacting with the southern molec-
ular gas in GMC G23.0−0.4W. The velocity coinci-
dence of the H ii region G022.760−0.485 and the ambient
77 km s−1 GMC indicates that the H ii region is probably
physically associated with SNR G22.7−0.2. The over-
lapping of the velocity dispersion of MCs and the radio
emission in the concave structure (blue dotted line in Fig-
ure 6) strengthen above suggestion. The enhancement
of the velocity dispersion in the concave structure (Fig-
ure 6) is probably due to the shock perturbation by SNR
G22.7−0.2 and the H ii region G022.760−0.485. More-
over, the interstellar extinction and spectral type of stars
in the core of G22.760−0.485 and in the proximity of the
southern border of SNR G22.7−0.2 supports the associ-
ation of SNR G22.7−0.2 and G022.760−0.485 with the
same GMC (Messineo et al. 2014). We note that a few of
these radio-continuum sources may be composite sources
(e.g., H ii region G022.760−0.485). Helfand et al. (2006)
identified G022.7583−0.4917 as a SNR candidate with
diameter of 5′ and Messineo et al. (2010) measured a ra-
dio spectral index of −0.98 of the source (see Region 3
Fig. 8.— Location of the H ii regions of SNR G22.7−0.2. The
intensity map is the C18O (J=1–0) emission in the interval of 70–
81 km s−1, overlaid with the VGPS 1.4 GHz radio continuum emis-
sion contours. The characters a–i indicate the dust-continuum-
identified MC clumps in Table 2 and ID 01–14 indicate the H ii
regions listed in Table 3. The red circle shows the location of
HESS J1832–093 (Laffon et al. 2013). The black box indicates the
region of the shocked gas (see Figure 9).
in their Table 3).
Figure 9 shows a map intensity of the shocked gas in
the south of the remnant. We find that the shocked
gas is mainly located on the eastern edge of H ii re-
gion G022.760−0.485. A part of the faint emission of
the shocked gas also can be discerned in the northwest-
ern boundary of the H ii region. Nevertheless, there is
little emission of the shocked gas in the region between
the remnant and the H ii region. A possible explana-
tion is that the molecular gas in the north of H ii region
G022.760−0.485 were swept away by the SNR’s shock
8Fig. 9.— 12CO (J=1–0) 3-color intensity map (84–88 km s−1
in blue, 88–92 km s−1 in green, and 92–96 km s−1 in red) of SNR
G22.7−0.2, which shows the distribution of the shocked gas in the
south of the remnant. The map shows the southern border of SNR
G22.7−0.2 and H ii region G22.76−0.485.
and were exhausted by the interaction between the SNR
and the H ii region.
The age of the stellar cluster, which is located in the
concave structure (see the character “C” in Figure 6),
is about 27 to several Myrs (Messineo et al. 2010). On
the other hand, the age of H ii region G022.760−0.485,
which is about 5′ away from the stellar cluster, is about
0.1 to several Myrs (Dyson & Williams 1980). Mean-
while, Messineo et al. (2014) estimated the age of the
O-types stars associated with GMC G23.0−0.4 (the
GMC G23.3−0.3 in their paper) of a likely age of 5–
8 Myr. Interestingly, one of star (ID 25 in their pa-
per) is exactly located on the center of the H ii region
G022.760−0.485. Presuming that the stellar cluster and
H ii region G022.760−0.485 were birthed in the same
MCs in the southern edge of the remnant, the progeni-
tor’s activities of SNR G22.7−0.2 seem a plausible trig-
gering mechanism for the new generation of star forma-
tion in the ambient GMC.
4.3. The Very High-Energy γ-ray Source HESS
J1832−093 Adjacent to the Remnant
The MCs that SNRs are associated or interacting with
are a good probe for the hadronic process (see the re-
cent view in Chen et al. 2014). Several SNRs are de-
tected with bright high-energy emission by their interac-
tion with nearby MCs, e.g., SNRs W28 (Aharonian et al.
2008) and IC 443 (Abdo et al. 2010; Ackermann et al.
2013; Su et al. 2014). At the west boundary of SNR
G22.7−0.2, HESS J1832−093 is detected with a signif-
icance of 5.6σ (Laffon et al. 2013). Laffon et al. (2013)
found an infrared source, 2MASS J18324516−0921545,
around the position of a point-like X-ray source, XMMU
J183245−0921539. They discussed the possible origina-
tion of the VHE source. The VHE emission is spatially
coincident with the 1×105M⊙ GMC G22.6−0.2 (Fig-
ures 1 and 8). A possible origin of the γ-rays is hadronic
interactions of the cosmic rays with the GMC.
There is no VHE emission detected in the south of
SNR G22.7−0.2, where massive molecular gas in GMC
G23.0−0.4W is located. However, Frail et al. (2013) ar-
gued that the correlation between the VHE γ-ray source
HESS J1834−087 and the 1720 MHz OH masers of SNR
W41 favors a hadronic interpretation for the VHE emis-
sion. The 74 km s−1 radial velocity of the OH masers is
consistent with the velocity of GMC G23.0−0.4, indicat-
ing that SNR W41, behind the GMC, is in physical con-
tact with it (Frail et al. 2013). Abramowski et al. (2014)
discussed the origin of the high-energy emission of SNR
W41 in detail and they also favored the hadronic sce-
nario from GeV to TeV extended emission. Why is there
no detectable high-energy emission in the south of SNR
G22.7−0.2? Further searches for detecting and char-
acterizing high-energy emission in the vicinity of SNR
G22.7−0.2 are needed to be performed.
5. SUMMARY
Millimeter and submillimeter CO studies have been
performed on SNR G22.7−0.2. We conclude the main
results of our analysis as follows.
1. We have found spatial and kinematic evidence to
support the association between SNR G22.7−0.2 and the
nearby 77 km s−1 MCs. The intensity map of the molecu-
lar gas in GMC G23.0−0.4W in 75–79 km s−1 displays fil-
amentary structures surrounding the southern boundary
of the remnant. The molecular gas (l=22.◦833,b=−0.◦467)
shows a redshifted broadening (77–110 km s−1) in the
12CO (J=1–0 and J=2–1) line emission, which indicates
convincing kinematic evidence for SNR–MC interaction.
2. We place SNR G22.7−0.2 at a kinematic distance of
4.4±0.4 kpc based on the association between the rem-
nant and the 77 km s−1 GMC G23.0−0.4. The SNR is
located at the near side of the Scutum-Crux arm, where
several H ii regions are evolving in the complicated MC
environment.
3. We suggest that the overlapping H ii region
G022.760−0.485 with a radial velocity ∼74.8 km s−1 is
possibly associated with SNR G22.7−0.2 and is likely to
be triggered by the stellar winds from the massive pro-
genitor of the remnant.
4. SNRs G22.7−0.2 and W41 are both interacting with
VLSR ∼77 km s
−1 GMC G23.0−0.4, indicating that they
very likely have a similar distance.
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